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Executive Summary
Background

The Army established Rocky Mountain Arsenal (RMA) in 1942 to produce chemical warfare
agents and incendiary munitions used in World War II. Following the war and through the early
1980s, the Army continued to use these facilities. Beginning in 1946, some RMA facilities were
leased to private companies to manufacture industrial and agricultural chemicals. Shell Oil
Corporation (Shell), the principal lessee, manufactured primarily pesticides at RMA from 1952
to 1982. Common industrial and waste disposal practices during those years resulted in
significant levels of contamination. Approximately 70 chemicals were the focus of the Remedial
Investigation (RI) for the On-Post Operable Unit (OU) (Ebasco 1989a, 1992). Of these, the
principal contaminants are organochlorine pesticides (OCPs), heavy metals, agent-degradation
products and manufacturing by-products, and chlorinated and aromatic solvents.

The RI and subsequent investigations have identified chemicals at more than 180 sites
contaminating soil, ditches, stream and lakebed sediments, sewers, groundwater, surface water,
biota, and structures. Unexploded ordnance (UXO) has been identified at several locations on-
site. Contaminated areas identified in the RI included approximately 3,000 acres of soil, 15
groundwater plumes, and 798 structures. Sites that posed potential immediate risks to human
health and the environment were addressed through Interim Response Actions (IRAs), which
were followed by the actions required by the On-Post Record of Decision (ROD) (FWENC
1996a).

Groundwater contamination migrated off-post prior to the implementation of groundwater pump
and treat systems, resulting in the need for the Off-Post OU, which addresses groundwater
contamination north and northwest of RMA. The risk assessment performed for the Off-Post
OU indicated that only human exposure via contaminated groundwater needed to be addressed.
As a result an Off-Post ROD was prepared and approved on December 19, 1995 (HLA 1995).

Current and future land use for the On-Post OU has been restricted based on the fact that the area
is ecologically unique and based on the land use restrictions established by the Federal Facility
Agreement (FFA) (EPA 1989) and the On-Post ROD. Surrounded by development, the On-Post
OU provides a refuge for an abundant diversity of flora and fauna. For this reason the site was
designated as a future National Wildlife Refuge in the Rocky Mountain Arsenal National
Wildlife Refuge Act (Refuge Act) of 1992 (PL 102-402 1992).

As components of the remedy are completed, jurisdiction will be administratively transferred to
the U.S. Fish and Wildlife Service (USFWS) or other parties purchasing the land, except for the
property and facilities continuing to be used for response actions. In addition, the portions of the
On-Post OU transferred to other parties will be subject to restrictions prohibiting residential or
industrial use, use of groundwater on the site as a source of potable water, hunting and fishing
for consumptive use, and agricultural use. Current and future land use of the Off-Post OU has
not been restricted, though groundwater use has been restricted through a series of institutional
controls identified in the Off-Post ROD.

As of the publication of the 2005 Five-Year Review Report (FYRR), nearly eighty percent of the
RMA has been deleted from the National Priorities List (NPL) and more than twelve thousand
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acres have been transferred to the USFWS, with official establishment of the Rocky Mountain
Arsenal National Wildlife Refuge occurring on April 21, 2004.

Protectiveness Statements

The protection of human health and the environment of the remedial actions at both the On-Post
and Off-Post OUs are discussed below. All controls are in place to adequately minimize risks.
Because the remedial actions at both the On-Post and Off-Post OUs are expected to be protective
of human health and the environment upon completion, the remedy for the entire site is expected
to be protective of both human health and the environment.

On-Post Operable Unit

The Army has concluded that the remedy at the On-Post OU is expected to be protective upon
completion or is protective of human health and the environment, and in the interim, exposure
pathways that could result in unacceptable risks are being controlled.

All immediate threats have been adequately addressed in the form of IRAs, and their continued
effectiveness has been assured by transferring them administratively into specific, related
remedial projects under the On-Post ROD, as appropriate. The Hazardous Waste Landfill
(HWL) and Enhanced Hazardous Waste Landfill (ELF), which are central to the effective
implementation of the remedy, have been expeditiously constructed and are operational. All
other implementation projects are on schedule and in compliance with all elements of the On-
Post ROD. Air, water, and biota (wildlife) monitoring programs are comprehensive in their
design and effective in their implementation. Contaminant migration is being adequately
controlled. Risks to human health and the environment are also being controlled by completion
of remedial actions, by a comprehensive worker protection and access control program, by
institutional controls and by past implementation of IRAs.

Off-Post Operable Unit

The Army has concluded that the remedy at the Off-Post OU is expected to be protective upon
completion or is protective of human health and the environment, and in the interim, exposure
pathways that could result in unacceptable risks are being controlled.

All immediate threats have been adequately addressed in the form of IRAs and their continued
effectiveness has been assured by transferring them administratively into specific, related
remedial projects under the Off-Post ROD, as appropriate. Administrative controls to protect the
public have been effective in their implementation. Groundwater contamination is being treated
to ROD remediation goals at both the RMA boundary and the Off-Post Groundwater Intercept
and Treatment System (OGITS).
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Five-Year Review Summary Form

Summary

No issues were identified that affected the ongoing protectiveness of the remedy. The following
issues have been identified to ensure continued protectiveness.

Issues

Basin F Wastepile- Cell 2 of the primary sump system is not operating as designed. Very little
leachate is being collected in Cell 2 of the primary sump (leachate collection) system while
larger volumes are being collected by the secondary sump (leak detection) system. There is no
evidence that the secondary system is leaking, but soils beneath the secondary sump will be
monitored for staining during the Basin F Wastepile Excavation Project and reported in the CCR.
It should be noted that the leachate and leak detection volume currently being generated, 25,641
gallons in calendar year 2004, has now leveled off after consistently and dramatically declining,
(e.g., 24,650 gallons in calendar year 1999 and 81,336 gallons in calendar year 1990), due to
dewatering of the waste. For those reasons, the issue is not affecting current protectiveness of
the remedy.

Monitoring Well Maintenance and Security - During Five-Year Review (FYR) site
inspections, four monitoring wells off-post, east of the north gate access to RMA and just outside
the relocated fence, were found to be damaged and had not been fixed or replaced in a timely
manner. Two of these wells were “orphan” wells that are not listed in the current database. The
primary reason the monitoring wells were not locked was that the recent fence relocation resulted
in on-post wells (for which locks are not required) now being located outside the secured
perimeter fence. In addition, three other wells were identified which had previously been
flagged in the database as requiring repair. Of the three wells, one was closed and replaced by a
new well and the other two wells were repaired. The Army had scheduled these wells for repair
prior to the FYR inspections and the repairs were completed after the site inspection was
conducted. It is Army policy to lock all monitoring wells located outside the RMA perimeter
fence or outside off-post fenced-in well fields. Also, the Well Retention and Closure Program
requires prompt notification and response for damaged wells. This issue did not affect the
protectiveness of the remedy.

Extraction Well and Extraction System Shut-Off Criteria- During the evaluation of how
ROD shut-off criteria had been applied to past and planned extraction well and system shut-off,
it became apparent that the existing ROD criteria leave room for interpretation. Two questions
were identified related to the ROD shut-off criteria:

e When can a well be turned off for hydraulic purposes; can this apply when the well has
already met chemical shut-off criteria?

e How long after an extraction well has been turned off for chemical purposes should shut-
off monitoring start? (The ROD does not identify a timeframe for this action).

The possible interpretation differences of the ROD shut-off criteria have not affected the shut-off
process during the past FYR period.
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Establishing Site-Specific Practical Quantitation Limits- The On-Post ROD identifies the
site-specific Practical Quantitation Limit (PQL) as “(c)urrent certified reporting limit or practical
quantitation limit readily available from a commercial laboratory.” The existing process for
determining PQLs/MRLs has been identified as an issue for the compounds for which PQLs
remain above the Containment System Remediation Goals/Colorado Basic Standards for
Groundwater (CSRGs/CBSGs) in part because Army has used a MRL-based approach which
differs from industry practice. The ongoing changes to the Army analytical programs and recent
advancements in analytical technology suggest it would be beneficial to follow a standardized
procedure to evaluate the analytical capabilities of several laboratories. Therefore, it has been
determined necessary, during the next FYR period, to re-evaluate the current laboratory
procedures and the procedure for establishing site-specific PQLs.

Institutional controls are in place to prevent exposure until the CSRGs/CBSGs are attained. The
groundwater remedy as it currently exists is therefore protective.

Bedrock Ridge Plume Capture- As stated in the technical assessment, it was determined that a
low volume of the Bedrock Ridge plume was not captured by the extraction system. To ensure
that the ROD objective for this system was met, it was decided that the addition of an extraction
well should be evaluated and tested. The additional extraction well was installed and its
performance will be evaluated during the next FYR period.

While the need to improve plume capture was identified for the Bedrock Ridge System, the low
volume of bypass did not affect remedy protectiveness due to site-wide remedy elements
including downgradient groundwater treatment systems and institutional controls.

Shell Disposal Trenches Dewatering Goals- The ROD remedy for the Shell Disposal Trenches
is described as “installing a soil cover and slurry wall to reduce movement of contaminants from
the Shell Disposal Trenches in Section 36.” Consistent with the assessment presented in the
FYRR, the dewatering goal of achieving water levels below the bottom of the trenches had not
been met at the end of the FYR period. The fact that water level measurements were not
collected from the monitoring wells inside the slurry wall during part of the FYR period makes it
difficult to verify that the remedy was functioning as intended. However, there is no impact to
protectiveness due to site-wide remedy elements including downgradient groundwater treatment
systems and institutional controls.

South Lakes Plume Management- The 2004 South Lakes Groundwater Monitoring Report
concluded that there was no migration of groundwater contaminants into the South Lakes at
levels exceeding CBSGs, and, consequently, the goal of preventing the migration of
contaminants into the South Lakes has been met. As a result, , the parties agreed that it was
appropriate to remove the lake level maintenance requirement related to plume management
from the selected remedy in the On-Post ROD using an Explanation of Significant Differences
(ESD), which was finalized in March 2006.

Off-Post Groundwater Intercept and Treatment System Performance Objectives
Clarification- The OGITS was designed as and has been operated as a mass removal system.
However, the use of containment terminology in descriptions of the system in several documents
triggered comments regarding system performance and made it apparent that a clarification of
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system objectives was needed. The need to clarify the mass removal objective has not affected
remedy protectiveness as the system has been operated as designed.

Northern Pathway System Modification- The property on which the Northern Pathway System
(NPS) component of the OGITS is located was acquired by Amber Homes, Inc. Its plan for the
property includes the development of a large retail center and residential areas that entail
construction at the NPS location and its immediate surrounding area. The modifications to the
OGITS affect the NPS extraction system and the associated recharge wells used for reinjection of
treated groundwater are described in the Intermediate Conceptual Design Document by Amber
Homes, Inc. The new NPS extraction wells will be operated concurrently with the original NPS
extraction wells until the latter meet the shut-off criteria.

The system modification for the NPS was designed to meet or exceed the contaminant removal
efficiencies of the original system. Also, the original system will continue to operate until shut-
off criteria are met. The modification is therefore expected to have a positive impact on system
effectiveness and maintain protectiveness. The construction of the NPS modification did not
begin until November 2005 and had no impact on remedy protectiveness. No additional follow-
up action is required beyond the follow-up action identified for the OGITS.

North Plants Fuel Release- Fuel contamination present as light nonaqueous phase liquid
(LNAPL) was discovered in North Plants wells during the FYR period. As of the end of the
FYR period, the need to perform additional characterization and/or remediation of the fuel
contamination was being evaluated.

Changes in Monitoring Networks- Because of large-scale development and construction
activities in the Off-Post OU, some Army monitoring wells have been destroyed and could not
be re-drilled in the same locations. These unexpected changes to the off-post monitoring
networks, along with the significant reductions in the extent of off-post contamination have
resulted in a need to review and potentially revise the Off-post Exceeedance Monitoring
Network which was last updated in 2003.

Operational Assessment Report Schedule (compared to schedule outlined in the Off-Post
Remediation Scope and Schedule)- The Remediation Scope and Schedule for the Off-Post
Operable Unit (RS/S) states that the Operational Assessment Reports (OARs) will be “published
in the year following the reporting period.” The OARs were not developed within the RS/S time
requirement and concerns were raised by the Regulatory Agencies that delays in issuing the
OARS prevent timely review and evaluation of remedy effectiveness. The OAR schedule delays
may affect the ability to conduct timely reviews, but the delays did not affect remedy
protectiveness as the information presented in the OARSs is evaluated on a continuous basis by
system operators and provided to the Regulatory Agencies in monthly status meetings.

State Engineer’s Office Well Notification Program (Off-Post Institutional Controls)- The
primary mechanism for implementing the institutional controls is a well notification program
developed in conjunction with the Colorado Department of Natural Resources State Engineer’s
Office (SEO) and the Army. The Army prepares updates to a notification map and provides the
map to the SEO for its use in notifying well permit applicants of their proximity to RMA
groundwater contamination. After evaluation, Tri-County Health Department (TCHD) has
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concluded that the SEO is not including the agreed upon notification on all well permits issued in
the notification area and copies of the permits are not routinely being transmitted to all parties.
The inconsistency in notification has not resulted in the use of contaminated drinking water wells
in the notification area.

While the Army has provided the SEO with all the necessary information to implement the off-
post well notification program, the SEO has not been following the agreed-upon notification
process. This issue needs to be addressed to ensure that this institutional control continues the
“(p)revention of the use of the groundwater underlying areas of the Off-Post OU exceeding
groundwater containment system remediation goals.”

Recommendations and Follow-up Actions:

Basin F Wastepile- The On-Post ROD requires the Basin F Wastepile to be excavated and
placed in an on-site triple-lined landfill, which began in the spring of 2006. Placement of all
Basin F Wastepile material is currently scheduled to be completed by October 2008. There is no
evidence that the secondary sump system of Cell #2 is leaking, but soils beneath the secondary
sump system of Cell #2 will be monitored for leaks during the Basin F Wastepile Excavation
Project and reported in the CCR. This action will address this issue which has not affected
remedy protectiveness.

Monitoring Well Maintenance and Security- The Army will ensure that the well maintenance
and security issues are corrected in accordance with Army policies and procedures in the next
FYR period. Inspections of off-post and on-post monitoring wells will be conducted and
reported in accordance with the revised Long-Term Groundwater Monitoring Plan (LTMP).

Extraction Well and Extraction System Shut-Off Criteria- Even though the Army concludes
that this issue has not affected remedy protectiveness, more detailed and objective extraction
well and system shut-off criteria will be proposed as part of revisions to the LTMP. Different
shut-off criteria will be considered for the systems based on whether they are containment or
mass removal systems and whether they are boundary or internal systems.

Establishing Site-Specific Practical Quantitation Limits- The Army recommends that the
approach for establishing site-specific PQLs be revised and that a procedure for site-specific
PQLs be developed. As of October 26, 2006, agreement has been reached with the Regulatory
Agencies that PQL studies will be conducted in accordance with 40 Code of Federal Regulations
(CFR) 136 Appendix B and soon-to-be published Colorado State PQL Guidance for compounds
for which Method Reporting Limits (MRLs) exceed CSRGs, as outlined in Decision Document
DD-RMAPQL-11. The site-specific PQLs determined from these studies will be implemented at
RMA.

Bedrock Ridge Plume Capture- Based on monitoring and pumping tests in the Bedrock Ridge
area, the Army recommended the addition of an extraction well to the Bedrock Ridge system to
capture the flow of contaminated groundwater not previously captured by the system. The
additional extraction well was installed in Fiscal Year (FY) 2005. Remedy performance will be
monitored and assessed by the RMA Water Team during the next FYR period, to ensure remedy
protectiveness is maintained.
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Shell Disposal Trenches Dewatering Goals- The Army recommends that the dewatering goal
of achieving water levels below the bottom of the trenches be evaluated after both the RCRA-
equivalent cover and the adjacent soil covers have been installed at the Shell Disposal Trenches.
This will allow meaningful assessment of the reduction of infiltration and lowering of
groundwater levels in the Shell Trenches slurry wall enclosure caused by the cover systems.
Water level monitoring will be performed and documented.

South Lakes Plume Management- The 2004 South Lakes Groundwater Monitoring Report,
concluded that there was no migration of contaminants into the South Lakes at levels exceeding
CBSGs which addressed the concern presented in the ROD. Consequently, the parties agreed
that it was appropriate to remove the lake level maintenance requirement pertaining to plume
management from the selected remedy in the On-Post ROD using an ESD. The ESD was
approved by EPA on March 31, 2006.

As a separate part of the remedy, the Interim Institutional Control Plan has established lake level
performance criteria for the future, but only for the remaining human health exceedance (HHE)
soil and aquatic ecosystems ROD requirements of maintaining a healthy aquatic ecosystem and
preventing human exposure to potentially contaminated sediments, respectively.

Off-Post Groundwater Intercept and Treatment System Performance Objectives
Clarification- This FYRR clarifies that the OGITS has been and will continue to be operated as
a mass removal system in accordance with the design and ROD documentation. The revised
LTMP will provide specific performance criteria for evaluation of system mass removal
effectiveness to facilitate future system evaluations presented in the OARs and conducted as part
of FYRs. The Army believes that the need to clarify the overall remedial objectives of the
system has not affected system operation or protectiveness of the remedy during the FYR period.

Northern Pathway System Modification -The Army proceeded with the modifications to the
NPS component of the OGITS in 2005. It is anticipated that the modifications will increase the
system’s mass removal effectiveness and expedite the cleanup of the Off-Post OU. The
performance of the modified NPS will be monitored during the next FYR period.

North Plants Fuel Release- Fuel remains as LNAPL in the North Plants vicinity. The LNAPL
will be evaluated in accordance with applicable requirements during the next FYR period.

Changes in Monitoring Networks- Even though the Army has concluded that this issue has not
affected remedy protectiveness, a revised LTMP will be issued in 2007. All monitoring
categories and containment and treatment systems identified in the 1999 LTMP and the 2003
Well Retention and Closure Program will be evaluated.

Operational Assessment Report Schedule- Even though the Army has concluded that this issue
has not affected remedy protectiveness, the Army will ensure that the OAR schedule provided in
the Off-Post RS/S be adhered to, starting with the 2005 OAR, which was issued in September
2006.

State Engineer’s Office Well Notification Program (Off-Post Institutional Controls- The
TCHD has agreed to conduct more stringent SEO oversight to ensure that the well notification
program is adhered to in the future.
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Protectiveness Statements:

The protection of human health and the environment of the remedial actions at both the On-Post
and Off-Post OUs are discussed below. All controls are in place to adequately minimize risks.
Because the remedial actions at both the On-Post and Off-Post OUs are expected to be protective
of human health and the environment upon completion, the remedy for the entire site is expected
to be protective of both human health and the environment.

On-Post OU- The Army has concluded that the remedy at the On-Post OU is expected to be
protective upon completion or is protective of human health and the environment, and in the
interim, exposure pathways that could result in unacceptable risks are being controlled. All
immediate threats have been adequately addressed in the form of IRA and their continued
effectiveness has been assured by transferring them administratively into specific, related
remedial projects under the On-Post ROD, as appropriate. The HWL and ELF, which are central
to the effective implementation of the remedy, have been expeditiously constructed and are
operational. All other implementation projects are on schedule and in compliance with all
elements of the On-Post ROD. Air, water, and biota monitoring programs are comprehensive in
their design and effective in their implementation. Contaminant migration is being adequately
controlled. Risks to human health and the environment are also being controlled by completion
of remedial action, by a comprehensive worker protection and access control programs, by
institutional controls and by implementation of IRAs.

Off-Post OU- The Army has concluded that the remedy at the Off-Post OU is expected to be
protective upon completion or is protective of human health and the environment, and in the
interim, exposure pathways that could result in unacceptable risks are being controlled. All
immediate threats have been adequately addressed in the form of IRAs and their continued
effectiveness has been assured by transferring them administratively into specific, related
remedial projects under the Off-Post ROD, as appropriate. Administrative controls to protect the
public have been effective in their implementation. Groundwater contamination is being treated
to ROD remediation goals at both the RMA boundary systems and the OGITS.
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1.0 INTRODUCTION

Section 121(c) of the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) as amended by the Superfund Amendments and Reauthorization Act of 1986,
together with the implementing regulation in the National Oil and Hazardous Substance
Pollution Contingency Plan, requires that remedial actions resulting in any hazardous substances,
pollutants, or contamination remaining at the site above levels that allow for unlimited use and
unrestricted exposure be reviewed every five years to assure protection of human health and the
environment. This requirement applies to RMA and, consequently, this report documents the
2005 FYR.

The RMA 2005 FYR was conducted by the Army in accordance with Paragraph 36.3 of the FFA
and CERCLA, Section 121(c).

The RMA 2000 FYR of CERCLA remedial actions covered the period December 19, 1995
through March 31, 2000. This report documents the RMA 2005 FYR, which covers the period
April 1, 2000 through March 31, 2005. Environmental monitoring and analytical data results
from October 1, 1999 through September 30, 2004 were considered in this FYR. Changes in
laws, applicable or relevant and appropriate requirements (ARARs) and to-be-considered criteria
(TBCs) between April 1, 2000 and March 31, 2005 are included in this FYR. Construction
Completion Reports (CCRs) approved by the U.S. Environmental Protection Agency (EPA)
between April 1, 2000 and March 31, 2005 are considered “completed projects™ for this FYR. In
fact, all projects are organized based upon their status as of March 31, 2005.

It should be noted, that as a complex site, this RMA FYR required extensive research over an
extended period of time. Where data and information relevant to preparation of the FYRR, or
necessary for response to Regulatory Agency comments became available after the deadlines
noted above, it was evaluated for inclusion. Subsequent data and reports were included
whenever the information was important to the assessment. In addition, general status
information was updated beyond the deadlines enumerated above to make the FYRR more
understandable and useful to the reader.

The purpose of the FYR is to determine whether the remedy for RMA selected in the On-Post
and Off-Post RODs remains protective of human health and the environment. For elements of
the remedy that are under construction, or have not yet begun, the purpose of the review is to
confirm that immediate threats have been addressed. The FYRR provides a detailed discussion
of the conclusions reached and recommendations made.

EPA guidance requires FYRs to be conducted site-wide. For the RMA, this includes the On-Post
OU, the Off-Post OU, and all IRAs implemented prior to the signing of the RODs. The review
of the IRAs, the On-Post OU, and the Off-Post OU is required by statute. The schedule for
conducting this FYR is based upon the signature of the Off-Post ROD on December 19, 1995.



Due to the size and complexity of the RMA site, and to keep this report as clear and readable as
possible, other documents are routinely referenced as sources for more detailed information. In
addition, every effort has been made to cross-reference to other parts of the FYRR where the
topic is addressed further.

The general structure of this report was based on current EPA FYR Guidance (EPA 2001a). To
enable the reader to better understand this report, the following outline is provided.

Section 1.0 Introduction — Provides the legal basis and the objectives for the review as
well as description of the report structure.

Section 2.0 Site Chronology — Provides a chronology of significant ROD-related
events.

Section 3.0 Background — Provides historical information on RMA including a
description of past operations, a list of contaminants of concern (COCs), and information
on current and future land use.

Section 4.0 Remedial Actions — To streamline the presentation of information, this
section is first organized to be consistent with the selected remedy in the On-Post and
Off-Post RODs. This approach helps streamline the presentation of the Remedial Action
Objectives (RAOs), the selected remedy, the ROD standards and the ROD goals. To
accomplish this, the implementation projects are first grouped in Section 4 into one of
three ROD medium groups (groundwater, soil, structures) or “other” for miscellaneous
remedy components.

Consistent with EPA FYR guidance, within the three medium groups or “other”, the
projects are further grouped into projects under construction, operational projects and
completed projects. This second structure facilitates organization of the assessments in
Section 7.0.

Section 5.0 Progress Since First Review — Includes the protectiveness statements and
lists the status of recommendations and follow-up actions from the 2000 FYRR and
whether they achieved the intended purpose.

Section 6.0 Five-Year Review Process — Provides a list of participants in the FYR
process as well as the approach taken in performing this review. This section also
presents data collected in the groundwater, surface water, biota, and air monitoring
programs, and a section summarizing remedy costs.

Section 7.0 Assessment — Uses information provided in Section 6.0 as well as additional
information gathered in the review process to answer three key questions. Consistent
with EPA FYR Guidance, the projects are regrouped in Section 7.0 into projects under
construction, operational projects and completed projects to facilitate the assessment
process.

Section 7.1 through 7.3— Answers the question “(i)s the remedy functioning as
intended by the decision documents?”

Section 7.4 — Answers the question “(a)re the assumptions used at the time of the
remedy selection still valid?” This includes a review of risk assessment



assumptions, an update to all ARARs, standards, and TBCs., and a discussion of
the impact of these changes.

Section 7.5 — Answers the question “(h)as any other new information come to
light that could call into question the protectiveness of the remedy.”

Section 7.6 — Provides a Technical Assessment Summary.

Section 8.0 Issues — Provides a succinct statement of the issues.

Section 9.0 Recommendations and Follow-up Actions — Details follow-up actions
necessary to address the Issues identified in Section 8.0.

Section 10.0 Protectiveness Statements — Provides protectiveness statements under the
current FYR for both the On-Post and Off-Post OUs.

Section 11.0 Next Five-Year Review — Details when the next FYR is scheduled to take
place.

Section 12.0 References

2.0 SITE CHRONOLOGY

Table 2.0-1 lists the chronology of significant ROD-related events. Additional information
regarding the schedules of specific remedial projects start and completion dates and CCR dates
are presented in Table 2.0-2, the Remediation Design and Implementation Schedule
(RDIS)(PMRMA 2004a) and in the CCRs listed in the references.

2.1 Deletions from the National Priorities List

As of the date of issuance of the FYRR four partial deletions have occurred and include the
Western Tier Parcel, the Selected Perimeter Area, the Surface Deletion Area and the Internal
Parcel Area. Combined these four deletions have reduced the area remaining on the NPL to
approximately 5.5 square miles.

2.1.1 Western Tier Parcel

The Refuge Act stipulates that approximately 815 acres (later more accurately defined as 917
acres), referred to as the Western Tier Parcel will be transferred to Commerce City for fair
market value. The first step in the process was the partial deletion of the Western Tier Parcel
from the NPL. In October 1998 a Notice of Intent for Partial Deletion (NOIDp) was published
by EPA in the Federal Register. The deletion was subsequently postponed to allow for
additional soil sampling. During the soil sampling, a site reconnaissance was performed that
identified eight areas requiring subsurface investigation. The investigation resulted in excavation
of one of the eight areas. Concurrently, site-wide evaluation of potential UXO and recovered
chemical warfare materiel (RCWM) was being conducted in response to the discovery of
chemical warfare agent-filled bomblets elsewhere at the site. This evaluation is discussed further
in Section 4.5.1.3. These additional efforts resulted in the publication of a second NOIDp in
September 2002. After public comment, the Notice of Partial Deletion (NODp) was published in
January 2003. The ultimate sale of the property to Commerce City occurred in June 2004.



2.1.2 Selected Perimeter Area and Surface Deletion Area

The Refuge Act also requires that upon certification by EPA that all response actions at RMA
have occurred (NPL deletion) the Army will transfer administrative jurisdiction over the property
to the USFWS. The Army first proposed deletion of the perimeter area in 1999, but the effort
was suspended as a result of the bomblet discovery noted above. Once the site-wide evaluation
of UXO and RCWM was complete, Perimeter Deletion efforts resumed, resulting in two
NOIDps (Selected Perimeter Area and Surface Deletion Area) being published in the Federal
Register in July 2003 for a total of approximately 5,000 acres. The corresponding NODps were
published in the Federal Register in January 2004. The Selected Perimeter Area and Surface
Deletion Area were transferred to the USFWS on March 2, 2004, and the USFWS officially
established the Rocky Mountain Arsenal National Wildlife Refuge in April 2004.

The Refuge Act also specifies that 100-foot (ft.) wide strips inside the RMA boundary on the
northwest, northern, and southern sides be transferred to local governments, at no cost, to allow
improvement of public roads. The approximately 11 miles of 100-ft. wide strips amount to
approximately 126 acres. This property was included in the Selected Perimeter Area Deletion
described above. Following that deletion, the property was transferred to the units of local
government in September 2004.

2.1.3 Internal Parcel

As continuation of efforts started in the Selected Perimeter Area deletion, a NOIDp for the
Internal Parcel at RMA was published in April 2006. Following public comment, the NODp for
approximately 7,400 acres (11.5 square miles) was published at the end of July 2006. Most of
the property was transferred to the USFWS in September 2006 to further expand the Refuge.

3.0 BACKGROUND

The RMA site is comprised of two OUs. The On-Post OU consists of all of RMA and occupies
approximately 17.2 square miles in southern Adams County, approximately 10 miles northeast of
downtown Denver. The Off-Post OU encompasses groundwater CSRG exceedance areas which
underlie approximately 2.4 square miles of rural, agricultural, commercial, residential, and
industrial-zoned areas north and northwest of RMA as well as property where the OGITS is
located The Off-Post and On-Post OUs are depicted on Figure 3.0-1.

The Army established RMA in 1942 to produce chemical warfare agents and incendiary
munitions used in World War II. Following the war and through the early 1980s, the Army
continued to use these facilities. Beginning in 1946, some RMA facilities were leased to private
companies to manufacture industrial and agricultural chemicals. Shell, the principal lessee,
manufactured primarily pesticides at RMA from 1952 to 1982. Common industrial and waste
disposal practices during these years resulted in the release of contamination. Approximately 70
chemicals have been the focus of the RI for the On-Post OU. Of these, the principal
contaminants are OCPs, heavy metals, agent-degradation products and manufacturing by-
products, and chlorinated and aromatic solvents. The specific COCs that were identified for on-
post soil and off-post groundwater are listed in Table 3.0-1. The individual CCRs may be
referenced for a list of COCs on a project-specific basis.



The RI and subsequent investigations have identified more than 180 sites with contaminated soil,
ditches, stream and lakebed sediments, sewers, groundwater, surface water, and structures.
These contaminated areas included approximately 3,000 acres of soil, 15 groundwater plumes,
and 798 structures. Sites that posed potential immediate risks to human health and the
environment were addressed through IRAs.

Groundwater contamination migrated off-post prior to the implementation of groundwater pump
and treatment systems, resulting in the necessity for establishing and investigating the Off-Post
OU. Specifically, the Off-Post OU addressed groundwater contamination north and northwest of
RMA. The risk assessment performed for the Off-Post OU indicated that the only exposure
pathway of concern was human exposure to contaminated groundwater.

IRAs were determined to be necessary to mitigate the impact of contamination at several sites
prior to selection of a final remedy. These interim actions are described in the IRA Summary
Reports discussed in the 2000 FYRR (PMRMA 2000a). Most of these actions were completed
before the RODs were issued, although some are ongoing (e.g., groundwater treatment systems)
and have been incorporated into the RODs. All interim actions necessary to mitigate immediate
risks have been implemented and those that are ongoing have been incorporated into ROD-
mandated projects and are evaluated in that context.

Because the area is ecologically unique, current and future land use for the On-Post OU has been
restricted pursuant to land use restrictions established by the FFA. Surrounded by development,
the RMA provides a refuge for an abundant diversity of flora and fauna. For this reason the site
has been designated as a future national wildlife refuge by the Refuge Act. As components of
the remedy are completed and the land is deleted from the NPL, administrative jurisdiction will
be transferred to the USFWS, except for the property and facilities continuing to be used for
response actions (e.g., landfills and groundwater treatment systems).

Refuge property must be managed in accordance with the Refuge Act. The land transferred or
sold to other non-USFWS parties continues to be subject to restrictions prohibiting residential
and industrial use, use of water on the site as a source of potable water, hunting and fishing for
consumptive use, and agricultural use in accordance with the On-Post ROD, the Refuge Act, and
the FFA. Current and future land use of the Off-Post OU has not been restricted, though the
permitting of new groundwater well use has been regulated through a series of institutional
controls identified in the Off-Post ROD and assessed in Section 7.2.2.3.

4.0 REMEDIAL ACTIONS

This section presents the remedy selected in the ROD, administrative changes to the ROD and
the status of each component of the ROD. The On-Post ROD specified that the remedy address
four essential parts: groundwater, structures, soil, and “other”. These are described below. The
four parts and their components were reconfigured into a design/construction-oriented approach
as detailed in the RDIS.

Table 2.0-2 provides a detailed list of the On-Post and Off-Post ROD projects/topics and the
IRAs and the Section numbers where each project/topic is discussed in the FYRR. The number
in each section heading (e.g., #17) also allows cross reference to Table 2.0-2.



Table 2.0-2 is keyed to the list of projects provided in the Table of Contents to Appendix B of
the RDIS and includes project name, status of each project as of March 31, 2005, and forecasted
start and CCR completion dates for each project. Projects that have not yet begun have
forecasted start dates. More detailed information on the schedule of each project as well as a
more comprehensive description can be found in the RDIS for On-Post ROD projects, the RS/S
for Off-Post ROD projects, and the IRA Summary Reports.

Consistent with EPA FYR Guidance the status of each project is defined by one of the following:

— Not yet begun - Defined as “in the planning stages and prior to completion of the 100
Percent Design on of March 31, 2005.”

— Under construction - Defined as “having an approved 100 Percent Design prior to or on
March 31, 2005, but not yet having an approved CCR prior to or on March 31, 2005.”

— Operating - Defined as “a fully operational project.”

— Completed - Defined as “having an approved final CCR or IRA Summary Report prior
to or on March 31, 2005”.

— Transferred - Applicable to IRAs, defined as “a project closed out with elements
transferred administratively into a specific, related ROD-identified project.”

Consistent with Table 2.0-2, Figure 4.0-1 through Figure 4.0-5 depict: 1) the locations of the
completed remedy projects discussed in the 2000 FYRR; 2) projects not yet begun as of March
31, 2005; 3) projects under construction as of March 31, 2005; 4) operational projects as of
March 31, 2005; and 5) completed projects as of March 31, 2005, respectively. Note that the
projects in these five figures are also cross-referenced by number to Table 2.0-2.

4.1 On-Post OU Groundwater Remedy Selection and Implementation
The On-Post ROD specified the following RAOs for groundwater:

“Ensure that the boundary containment and treatment systems protect groundwater
quality off-post by treating groundwater flowing off RMA to the specific remediation
goals identified for each of the boundary systems.

Develop on-post groundwater extraction /treatment alternatives that establish hydrologic
conditions consistent with the preferred soil alternatives and also provide long-term
improvement in the performance of the boundary control systems.”

The selected remedy for On-Post groundwater includes:

“Operation of all existing boundary systems and on-post groundwater IRA systems,
installation of a new extraction and piping system, and development of an extended
monitoring program. ... The systems will be operated until shut-off criteria as described
below, are met.

Existing wells within the boundary and off-post containment systems can be removed
Jfrom production when concentrations of constituents detected in the well are less than the
ARARs listed in Appendix A and/or it can be demonstrated that discontinuing operation
of a well would not jeopardize the containment objective of the systems as identified by



the remediation goals described above and the CSRGs listed in Tables 9.1-1, 9.1-2, and
9.1-3. Wells removed from production and monitoring wells upgradient and
downgradient of the boundary and off-post containment systems will be monitored
quarterly for a period of 5 years to determine whether contaminants have reappeared;
however, those wells turned off for hydraulic purposes will not be subject to the quarterly
monitoring requirements. Boundary and off-post containment system extraction wells
removed from production for water-quality reasons will be placed back into production if
contaminant concentrations exceed ARARs. Wells with concentrations less than ARARs
can remain in production if additional hydraulic control is required.

Existing wells within the internal containment systems can be removed from production
when concentrations of constituents detected in the wells are less than ARARs listed in
Appendix A and/or it can be demonstrated that discontinuing operation of a well would
not jeopardize the containment objective of the systems as identified by the CSRGs listed
in Table 9.1-4. Wells removed from production and monitoring wells upgradient and
downgradient of the internal containment systems will be monitored quarterly for a
period of 5 years to determine whether contaminants have reappeared, however, those
wells turned off for hydraulic purposes will not be subject to the quarterly monitoring
requirements. Internal containment system extraction wells removed from production for
water-quality reasons will be placed back into production if contaminant concentrations
exceed ARARs. Wells with concentrations less than ARARs can remain in production if
additional hydraulic control is required.”

Other specific components of the selected remedy for On-Post groundwater are provided below
in the context of the project discussions.

4.1.1 On-Post Groundwater Remedy Under Construction
4.1.1.1 Section 36 Bedrock Ridge Groundwater Barrier Plume Extraction System #28

The selected remedy in the On-Post ROD for the Section 36 Bedrock Ridge Groundwater Plume
Extraction System requires:

“A new extraction system will be installed in the Section 36 Bedrock Ridge area.
Extracted water will be piped to the Basin A Neck system for treatment (e.g., by air
stripping or carbon adsorption).”

The Bedrock Ridge extraction system was installed in 2000. Continuous evaluation of the
Bedrock Ridge extraction system during this FYR period led to the decision to modify the
system to improve plume capture. The data that formed the basis for this conclusion were
presented to the Regulatory Agencies during Water Team meetings throughout 2003 and
discussed in the 2003 and 2004 OARs (PMRMA 2005b, 2005¢).. The decisions to perform
pumping tests and to add an extraction well were made in agreement with representatives from
the Regulatory Agencies in a meeting on June 11, 2003. Monitoring Well 36557 was used
temporarily as an extraction well during 2004 to enhance capture of the Bedrock Ridge plume
and determine the feasibility of adding a permanent extraction well at this location. Pumping of
this well successfully captured the plume in this area. Consequently, the Remediation Venture
Office (RVO) proceeded with installing the permanent extraction well. Extraction Well 36306
was installed and became operational after the end of the current FYR period and its



effectiveness will be addressed in subsequent OARs and in the next FYRR. The extended
evaluation of these system became necessary when bomblets were discovered in the vicinity.

During preparation of and resolution of comments on the 2005 FYRR, an ESD was prepared
documenting a cost change for the project (WGI 2006). The ROD cost was originally estimated
based on installation of a 1,400-foot long horizontal well for plume capture. Design studies
indicated that the plume was narrower than anticipated and the horizontal well was replaced with
three vertical extraction wells. The fourth extraction well was added in 2005 as discussed above.
The change in well configuration resulted in a 66 percent decrease in the overall cost compared
to the ROD estimate. EPA approved the ESD on May 4, 2006.

A final CCR for this project is in preparation and will include an analysis of whether the system
is operating properly and successfully.

4.1.2 Operating On-Post Groundwater Remedies

The RMA groundwater containment and treatment systems are identified in Figure 4.1.2-1. The
operation of these systems is addressed in detail in the OARs (PMRMA 2005a, 2005b, 2005¢,
2004b, 2003a, 2003b, 2003c, 2002a, 2002b, 2002¢c, 2001a, RVO 2004a, 2003a).

Operation and maintenance (O&M) cost for the systems have been included in the OARs since
2002. The costs presented in the OARs are based upon all field costs including utilities and
analytical support. The treatment plant O&M costs over this FYR period have fluctuated within
expected limits; there are no obvious upward or downward cost trends. The largest normal
fluctuation in costs from year to year is based on changes in lab and sampling costs. As discussed
in the annual OARs, there were several maintenance actions that caused short duration cost
increases. The notable increases are as follows:

. Basin A Neck Containment System During 2004 two modifications were made to
the existing plant to support ongoing O&M. First the air stripper for the plant was
relocated to the plant head works to allow for treatment of the entire plant flow as
documented in Washington Group Design Change Notice (DCN) 2, Work Order #
4759-154. Additional recharge trenches were constructed to enhance the plant’s
overall treatment capacity as documented in Washington Group’s DCN 3, Rev. 2,
Work Order # 4759-154.

° Irondale (Railyard) Containment System During 2001 treatment of the Railyard
Area flow was transferred from the oversized Irondale treatment plant to the
Railyard Treatment plant. The relocation of the flow and design of the Railyard
system was documented in the design.

4.1.2.1 Shell Disposal Trenches Slurry Walls (dewatering) #17
The selected remedy in the On-Post ROD for the Shell Disposal Trenches Slurry Walls requires:

“Expansion of the existing slurry wall around the trenches. Dewatering within the slurry
wall is assumed for purposes of conceptual design and will be re-evaluated during
remedial design.”



The Shell Disposal Trenches Slurry Walls remedy includes installation of a slurry wall encircling
the disposal trenches as shown in Figure 4.1.2.1-1. Figure 4.1.2.1-1 also depicts groundwater
elevations. The 2-ft thick slurry wall, installed in 1998, surrounds the 6-inch thick slurry wall
installed in 1991.

The purpose of groundwater level monitoring, specified in the combined Complex (Army)
Trenches and Shell Section 36 Trenches design (RVO 1997a), is to measure water level
differentials across the barrier wall to obtain information on the direction (i.e., inward or
outward) of gradients across the barrier. Monitoring is also conducted to obtain information on
the water level differentials that could potentially affect barrier wall stability. The design
document stated that dewatering inside the slurry wall was not necessary since water levels were
already below the bottom of the trenches. As such, the dewatering goal was redefined as
“lowering the water table below the trench bottom.” Prior to the construction of the Shell
Disposal Trenches Slurry Wall in 1998, 10 existing monitoring wells adjacent to the slurry wall
alignment were cut off and capped. Nine of the 10 wells were rehabilitated. Monitoring Well
36534, was damaged beyond repair, and since this well had been dry historically, it was not
replaced.

Groundwater level measurements were not collected for the ten wells inside the slurry wall from
January 2000 to July 2003 during the FYR period due to an oversight. Consequently, assessment
of the performance of the slurry wall during the FYR period is based on limited data.

The improved effectiveness of the ROD slurry wall compared to the IRA slurry wall is
demonstrated by a reduction in the northerly hydraulic gradient inside the slurry-wall enclosure
and larger head differences across the slurry wall on the north side, especially at the northeast
corner where leakage of the IRA slurry wall was suspected. Between 1997 (before the ROD
slurry wall was constructed) and 2005, the northerly gradient has decreased from 0.0047 ft./ft. to
0.0018 ft./t. (62 percent reduction) on the west side and from 0.015 ft./ft. to 0.010 ft./ft. (33
percent reduction) on the east side. The higher gradient on the east side is caused by the
presence of a low permeability clay unit in the alluvium, whereas the alluvium is composed of
more permeable sand on the west side.

In the northeast corner, the head difference was only 0.23 ft. in December 1997 before the ROD
slurry wall was constructed; it was up to 1.4 ft. in December 2003 when an outward gradient was
present, and was 4.2 ft. in December 2004 when an inward gradient was present. Fluctuating
water levels outside the slurry wall due to infiltration of precipitation caused the gradient
direction to change.

During the FYR period, the hydraulic gradient direction was as follows: inward at the southwest
and northeast corners, and either inward or outward at different times in the southeast and
northwest corners and the north central monitoring location. Since dewatering is not required,
creating or maintaining an inward hydraulic gradient also is not required. The maximum
hydraulic gradient across the slurry wall was 3.09 ft./ft., which is well below the upper safe limit
of 10 ft./ft.

Based on available water-level data, it appears that the groundwater elevations have remained
below the bottom of the trenches except at one location. This is based on six borings where the



trench bottom elevations were determined during the RI (see Table 4.1.2.1-1), and the
groundwater elevations were lower at five of the six locations during this FYR period.

In June 2005, Well 36536, located inside the slurry-wall enclosure at the southwest corner,
contained sediment in the bottom of the well and the water level could not be measured. It was
cleaned out in July 2005 to better evaluate the water elevation inside the slurry-wall enclosure.
The water levels were measured in September 2005, after the end of the current FYR period.
Linear interpolation of water table contours between Well 36529 and 36536, indicates the water
table elevation was above the trench bottom in one of the six borings (boring 3453) by
approximately 1 ft. (Figure 4.1.2.1-1). The September 2005 water elevation in Well 36536 is
approximately one ft. higher than in early 1998 when water elevations could last be obtained. A
rise in water levels in this well could be caused by infiltration of precipitation inside the slurry-
wall enclosure and/or additional flow into the enclosure.

Well 36537 is located between the two slurry walls as shown on Figure 4.1.2.1-1. Figure
4.1.2.1-2 shows that after the ROD slurry wall was installed in 1998, when Wells 36536 and
36537 both contained water, their elevations were very similar. Linear data interpolation for
elevation contouring between Wells 36529 and 36536, using the same water levels for Wells
36536 and 36537, indicate that the water elevation at Boring 3453 likely was above the trench
bottom during part of the FYR period (i.e., in December 2004 and February 2005), but likely was
below the trench bottom from July 2003 through September 2004.

The water elevation in Well 36226, which is located near Wells 36536 and 36537, but outside
the ROD slurry wall, rose about 5 ft. in 2004 (Figure 4.1.2.1-2), which likely is due to localized
recharge caused by infiltration of precipitation. A similar rise in water levels was not observed
in upgradient Well 36087 (shown on Figures 4.1.2.1-1 and 4.1.22.1-2), which supports a
localized recharge explanation for Well 36226. Therefore, either infiltration of precipitation
occurred inside the slurry-wall enclosure and/or the higher water levels in Well 36226 caused a
higher gradient across the slurry wall and additional flow into the slurry-wall enclosure,
potentially causing the higher water levels in Wells 36536 and 36537. Water levels in all three
wells have since declined (Figure 4.1.2.1-2).

The ROD goals for the Shell Disposal Trenches are “(m)inimize groundwater flow across the
slurry wall with a design goal of 1 x 107 cm/sec hydraulic conductivity” and “(d)ewater as
necessary to ensure containment.” The information provided above indicates that the ROD
slurry wall is more effective than the IRA slurry wall, and meets the ROD goals, including
containment. The concept of lowering the water levels below the disposal trenches is not a ROD
requirement, but was added in the design document; however, the design document determined
that the groundwater was already below the trenches, so dewatering was unnecessary. The
apparent elevated water table in one boring in December 2004, and February and September
2005 is likely related to recent infiltration of precipitation. This situation should be evaluated
further during the next FYR period and a decision about the potential need for dewatering inside
the slurry-wall enclosure should be deferred until after the remedy is complete (i.e., the Resource
Conservation and Recovery Act (RCRA) equivalent and soil covers are installed in South Plants,
Basin A, and the Shell Disposal Trenches), and their effects on reducing infiltration of
precipitation, recharge of groundwater, and lowering of water levels inside the Shell Disposal
Trenches slurry-wall enclosure are evaluated.
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4.1.2.2 Complex (Army) Disposal Trenches Slurry Walls (dewatering) #17

The selected remedy in the On-Post ROD for the Complex (Army) Disposal Trenches Slurry
Walls requires:

“Installation of a slurry wall into competent bedrock around the disposal trenches.
Dewatering within the slurry wall is assumed for purposes of conceptual design and will
be re-evaluated during remedial design.”

Installation of the Complex (Army) Disposal Trenches slurry wall began in 1998 and the project
was completed in 2000. Testing of the groundwater extraction trench was completed in February
2000 and operation of the dewatering system began in March 2001.

For the Complex (Army) Disposal Trenches, the head differential across the groundwater barrier
is monitored to ensure that the groundwater extraction system does not induce differentials that
would potentially affect barrier wall stability. Also, for compliance purposes, water levels
adjacent to disposal trenches will be monitored to confirm the dewatering objective of lowering
the water table below the bottom of these trenches that was identified in the Complex Trenches
and Shell Section 36 Trenches Groundwater Barrier Project 100% Design (RVO 1997a). The
design dewatering goal is derlved from the On-Post ROD goal (FWENC 1996) of “dewater as
necessary to ensure containment.’

The maximum hydraulic gradient across the barrier wall during the second FYR period was 3.4
ft./ft., which is well below the upper safe limit of 10 ft./ft. cited in the Design Document. An
inward hydraulic gradient was also present at the two well pairs adjacent to the slurry wall.
Maintenance of an inward gradient indicates that containment has been achieved at the slurry
wall as required by the ROD.

The Design Document specified that the water levels should be lowered to below the trench
bottoms and estimated from groundwater modeling results that the groundwater levels would be
lowered sufficiently to achieve the dewatering goal in five years or less at a continuous pumping
rate of 2 gallons per minute (gpm) based on the water levels that existed in 1996 and other
specific conditions assumed in the model. More information concerning the groundwater model
predictions is provided in Appendix B. System operation data from March 2001 through August
2002 were evaluated in the Complex Army Trenches Groundwater Barrier Project Groundwater
Extraction System Operational and Functional Report (FWENC 2001a). The data and analysis
indicated that at the design flow rate of 3 gpm the water levels rapidly approached the target
groundwater elevations in 2002. The report stated, “(t)his appears to indicate that the design
flow rate is conservatively high, which is consistent with the design document.” The report also
states, “[the figures presented in the report] show that the target elevations likely would have
been reached during 2002 if the flow rate had been maintained at 3 gpm.” These conclusions
only apply to the first year and a half of operation, however, and are not representative of the
entire FYR period because 2002 was a severe drought year in which the annual precipitation was
only 55 percent of normal. The report stated that short-term increases in groundwater elevations,
in response to precipitation events, occurred in 2001 and may occur in the future until the
RCRA-equivalent cap is installed. After 2002, the annual precipitation returned to normal and
the decline is water elevations slowed in response to the associated increase in recharge.
Apparently, during 2002 the actual recharge was less than was assumed in the groundwater
model, and after 2002 the actual recharge was more than was assumed in the model.
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A summary of the operational data for the FYR period is provided below, and more details are
provided in Appendix B. Water levels in the two dewatering goal compliance wells have
dropped 3 to 6 ft. since dewatering commenced. The water level in Well 36216 has remained
below its target elevation starting in July 2004 (Figure 4.1.2.2-1). Well 36217 has remained
above its target elevation throughout the FYR period (Figure 4.1.2.2-2). The dewatering goal
was nearly attained in Well 36217, however, because the water elevation came within 0.3 feet of
the target elevation. From March 2001 through 2002, the dewatering well pumping rate
averaged 1.3 gpm (i.e., 35% less than the 2 gpm in the model simulations). Even with the low
pumping rate, water levels fell rapidly and almost met the dewatering goals during the 2002
drought, indicating that when recharge is minimal (as will be the case when RCRA-equivalent
covers are in place), pumping only 1.3 gpm can probably meet the dewatering goals. With the
return to normal annual precipitation, and sometimes unusually high monthly precipitation after
2002, the downward trend in water levels in Well 36217 stopped just before reaching the water-
level goal. Since 2002, the average flow rate was higher (1.6 gpm), but the water levels in Well
36217 have remained above the goal and fluctuated seasonally, usually within 1 foot of the goal,
because of the additional infiltration of precipitation and recharge. Drawdown in Well 36217
was less than in Well 36216, as predicted by the modeling. Although the dewatering goal was
not met in one of the compliance wells, the drawdown exceeds the amount of drawdown that was
estimated to be required to meet the goals in the 100% Design Document in 1997. Since water
levels prior to startup (i.e., in March 2001) were higher than the initial water levels used in the
modeling (i.e., water levels in 1996), additional drawdown is still needed to meet water-table
elevation goals in one of the two compliance wells.

For the FYR evaluation, it is appropriate to compare the actual dewatering-well flow rate to the
design flow rate of 3 gpm. Figure 4.1.2.2-3 shows the daily flow rate of the dewatering well
36305 during the FYR period. This graph shows that the system was not pumped at the design
pumping rate of 3 gpm for most of the FYR period. In some cases, operational limitations at the
Basin A Neck Containment System (BANCS) were responsible for not attaining the design flow
rate. These limitations involved biofouling of the recharge trenches and concerns about causing
additional plugging of the recharge trenches by treating a higher flow rate from the Complex
(Army) Trenches. The Complex (Army) Trenches groundwater contains high concentrations of
manganese. The groundwater flow from Basin A also has high manganese concentrations, and
over time, manganese bacteria had caused plugging in the BANCS recharge trenches such that
there was very little available recharge capacity in 2001 when the Complex (Army) Trenches
system started up. At startup of the system, the initial flow rate of 0.7 gpm was lower than the
design flow rate of 3 gpm because of fouling of the piping and air stripper with a manganese
precipitate, and because of the potential to increase the plugging of the recharge trenches if a
higher flow rate would have been used. Due to this biological fouling of the BANCS recharge
trenches (A, B, and C) by manganese bacteria, two new trenches (D and E) were constructed in
2004. The air stripper also was replaced in 2004 and now treats all the flow through the
treatment plant instead of just a sidestream (formerly from the North of Basin F Extraction
Well). The new air stripper provided an added benefit in that it reduced the biofouling of the
recharge trenches and some of the capacity in the trenches was regained. Thus, the recharge
capacity limitations and treatment concerns were resolved in 2004. Replacement of the air
stripper was documented in BANCS DCN # 2 (WGI 2003a), and installation of the supplemental
recharge trenches was documented in a Memorandum of Record (RVO 2004b) and BANCS
DCN #3, Rev.2 (WGI 2004).
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More recently, in 2005, the flow rate has decreased because of falling water levels in the
dewatering trench and well. Figure 4.1.2.2-4 shows the water elevations in the dewatering well
during the FYR period, including the significant decline of about 6 ft. in 2005. The flow rate
was reduced from 3 gpm to between 2.0 and 2.5 gpm in February 2005 because water-level
declines in and near the dewatering trench caused frequent on-and-off cycling of the well pump.
Due to these factors, the dewatering system was operated at the design flow rate for only a small
portion of the FYR period; yet, the dewatering goals were nearly achieved.

Dewatering will continue until water levels are below the target elevations in both compliance
wells, and a sufficiently large area within the barrier has been dewatered such that water levels
cannot rise above the target elevations when the dewatering system is turned off. However, it is
believed that this is not likely to occur until after the RCRA-equivalent cover has been installed.
In a flow rate analysis of testing of the dewatering trench that was presented in the Complex
(Army) Disposal Trenches Groundwater Barrier Project CCR, (FWENC 2001b) it is stated, “(i)t
should be recognized that lowering the water table in the vicinity of the Complex (Army)
Disposal Trenches may be difficult until the RCRA-equivalent cover is constructed over the area,
thereby essentially eliminating surface recharge.” The CCR went on to say that, “(t)he
effectiveness of the groundwater extraction system will be evaluated after the cap has been
installed, reducing surface water recharge of the trench area. Compliance with the ROD goal
(actually the Design Document goal) of dewatering the Complex (Army) Disposal Trenches will
be revisited after the cap has been completed and the extraction system is operational.”
Although these statements were made prior to startup of the dewatering system, the CCR
attempted to clarify when the dewatering goals might be achieved, and recognized that until
recharge is reduced after the RCRA-equivalent cover is installed, it would be difficult to achieve
the dewatering goals. The operational data presented herein have confirmed these statements in
the CCR.

The RVO has attempted to meet the design flow rate of 3 gpm or maximize the rate when 3 gpm
could not be achieved during the FYR period. The decline in water levels near the end of the
FYR period shown in Figure 4.1.2.2-4 may indicate that dewatering is successfully occurring,
but may also indicate a reduction in the capacity of the dewatering well or trench. Since the
decline in the water levels occurred at the end of the FYR period, it will be necessary to evaluate
the system performance during the next FYR period when more data are available. The
operational data presented in Appendix B indicate that when recharge is reduced, such as during
the drought year of 2002 or when the RCRA-equivalent cover is installed, pumping rates
significantly lower than the design flow rate and less than the pumping rate in the model
simulations will be sufficient to achieve the dewatering goals. Reductions in the capacity of a
dewatering trench or well over time are common and, if occurring, may not necessarily prevent
attainment of the dewatering goals. Because ROD shut-off criteria based on water quality goals
do not apply to the Complex (Army) Disposal Trenches dewatering well, criteria for
discontinuing dewatering operations after the dewatering goal is met will be developed during
revision of the LTMP in 2007.

4.1.2.3 Groundwater Monitoring of Treatment Systems #50

The main objectives of the On-Post and Off-Post RODs that relate to groundwater monitoring
are to evaluate the effectiveness of the remedies, verify the effectiveness of the on-post and off-
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post treatment systems, and to provide data for FYRs. The specific components of the
groundwater remedies include:
On-Post
e Demonstrate that the effluent from the groundwater treatment systems for the RMA
boundary systems meet CSRGs.
¢ Monitor to determine whether shut-off criteria are met.

Demonstrate achievement of CSRGs for chloride and sulfate at the NBCS through natural
attenuation.

e Demonstrate achievement of NDMA remediation goals at the RMA boundary.
e Evaluate the effectiveness of on-post remedies where HHE soils are left in place.
Off-Post
e Demonstrate that the effluent from the groundwater treatment systems for the off-post
systems meet CSRGs.
Monitor to determine whether shut-off criteria are met.
e Demonstrate natural attenuation of chloride and sulfate.

Evaluate COC concentrations in groundwater within the Off-Post OU to map areas
exceeding CSRGs.

The LTMP (FWENC 1999a) was designed to ensure that adequate monitoring is conducted to
meet the monitoring objectives and requirements of the On-Post and Off-Post RODs.

The LTMP identified groundwater monitoring categories with specific purposes and objectives,
which were later updated in the Well Retention and Closure Program (FWENC 2003a). The four
monitoring categories listed below apply directly to the operation and performance of the
containment and treatment systems and were used to evaluate the systems. Other monitoring
categories are discussed in Section 6.4.1.

Compliance Monitoring: Effluent water quality monitoring was conducted to confirm that
CSRGs were met by on-post and off-post treatment systems.

Shut-Off Monitoring: Water quality monitoring was conducted to ensure that containment
systems that have met chemical concentration-based shut-off criteria defined by the
RODs. Such monitoring is conducted for specified analytes for a period of 5 years to
ensure that ARARSs continue to be met.

Conformance Monitoring: Groundwater monitoring was conducted to determine if
contaminant concentration trends conform with expectations downgradient from the
boundary containment systems. Water quality data are not required to meet standards,
but are evaluated against expected performance. Conformance wells were selected in the
Off-Post RS/S to assess the effectiveness of the boundary containment and treatment
systems in reducing downgradient contaminant levels (HLA 1996a).

Operational Monitoring: Monitoring of containment system extraction wells and monitoring
wells located near the system was conducted. Data are collected from wells upgradient
of and at the systems to optimize system performance and ensure that RAOs are met.
Most of the wells are used for water level monitoring to ensure proper extraction system
operation.
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The review was conducted in accordance with the following criteria that were outlined in the
LTMP:

¢ Compliance monitoring will be assessed based on the OARs that include four quarters of
effluent monitoring for all systems for their respective CSRG lists. The FYRR will
include a summary and evaluation of the effluent data extracted from the respective
OARs. The purpose of the monitoring and reporting is to validate that the systems
continue to meet CSRGs.

e  Shut-off monitoring will be reported in terms of any changes to the program during the
FYR period, potential observed trends, and future changes or additions to the program.
Since such monitoring is conducted quarterly, the FYRR will present a summary of the
OARs for shut-off monitoring.

¢ Conformance monitoring data will be collected annually, and the observed trends will be
summarized in the FYRR.

e Operational monitoring is conducted through separate programs from the LTMP.
However, the programs will work in conjunction with the LTMP, and monitoring results
from these programs will be included by reference in the FYRR. Due to the amount of
data collected under the operational monitoring programs, the FYRR will present only
summary information, including contaminant trends, water level changes, and program
changes that will be based on the OARs.

The results of site-wide groundwater monitoring in this FYR period are described in Section
6.4.1. The effectiveness of the site wide monitoring as it is laid out in the LTMP is addressed in
Section 7.2.3.8. The monitoring results for the individual groundwater treatment systems are
discussed in the following sections.

4.1.2.4 Rail Classification Yard Treatment System and Motor Pool Area Treatment System
#58

The selected remedy in the On-Post ROD for the Rail Classification Yard Treatment System and
Motor Pool Area Treatment System requires:

“Operation of existing on-post groundwater IRA systems continues. The Motor Pool and
Rail Yard IRA systems, which pipe water to ICS for treatment, will be shut down when
shut-off criteria...are met.”

The Irondale, Rail Yard, and Motor Pool Systems were identified in the On-Post ROD as integral
to controlling the migration of contaminant plumes. The Irondale extraction system was shut off
in October 1997. The CCR for the Irondale shutdown was approved by EPA on May 21, 2003
(WGI 2003b).

The Motor Pool extraction system was shut off in April 1998 and shut-off monitoring was
conducted through December 2003 (PMRMA 2005b). During the shut-off monitoring period,
trichloroethylene concentrations in Shutoff Monitoring Well 04535 were detected above the
CSRG for two sample events in 2002. These elevated detections corresponded to a rise in the
water table in the Motor Pool area. For this reason, the shut—off monitoring period for the Motor
Pool was extended from April 2003 to December 2003. Approval of the CCR for the Motor Pool
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shutdown is anticipated during the next FYR period. Decisions with respect to future monitoring
in the Motor Pool area will be discussed during revisions to the LTMP in the next FYR period.

The Rail Yard extraction system is a capture system and is still operating. The original Irondale
Containment System (ICS) became operational in 1981 and was designed to remove and treat
groundwater migrating toward the western boundary of RMA. The original system consisted of
two parallel rows of extractions wells, one row of reinjection wells and GAC treatment. The
system was updated with installation of extraction wells upgradient of the Irondale System
Extraction wells were installed in the Rail Yard and Motor Pool areas as IRAs. After the
Irondale and Motor Pool Systems were shut off, treatment of the remaining Rail Yard plume was
moved from the ICS to the new Rail Yard Treatment System in July 2001. Recharge of the
treated water was also transferred from the ICS to the Rail Yard. Two Rail Yard extraction
wells, Wells 03306 and 03307, which are located downgradient of the primary Rail Yard
extraction well field, were converted to recharge Wells 03401 and 03402. The objective of the
original Rail Yard system, which applies to the current system, was to contain and intercept the
Rail Yard plume, as specified in the Decision Document, which states, “(a) groundwater
interception/containment strategy fulfills all the assessment criteria for IRAs and has been
selected as the preferred strategy for the Rail Classification Yard IRA” (Shell Oil 1990).

The effectiveness of Rail Yard system is assessed in Section 7.2.1.3.

4.1.2.5 Basin A Neck Containment System #59
The selected remedy in the On-Post ROD for the BANCS requires:

“Operation of existing on-post groundwater IRA systems continues...The Basin F
extraction system continues to extract water that is treated at the Basin A Neck system
and the Basin A Neck system continues to extract and treat water from Basin A until shut-
off criteria are met.”

This system treats water from the Basin A and northern South Plants areas as well as from the
Bedrock Ridge intercept system and the Complex (Army) Disposal Trenches dewatering system.
The BANCS also treated water from the North of Basin F extraction well until it was shut down
in 2000 after the mass removal objectives had been met. CSRGs were specified in the On-Post
ROD for 23 compounds for the BANCS treatment plant.

The mass removal objective of the BANCS was clarified in a September 28, 2004 Memorandum
for Record. The purpose of the memorandum was "to re-state and clarify the requirements for
the BANCS in the Record of Decision for the On-Post Operable Unit” (RVO 2004b). A reverse
hydraulic gradient is maintained in the middle of the system, but the recharge trenches do not
extend to the ends of the slurry wall where a reverse gradient is not achieved. Concentrations of
most contaminants in the downgradient monitoring well were below CSRGs or showed
decreasing trends. As with the other systems, operational changes have been implemented to
ensure protectiveness is maintained. Due to biological fouling of the BANCS recharge trenches
by manganese bacteria, two new trenches were constructed in 2004 (WGI 2003a, WGI 2004).
The air stripper was replaced in 2004 and now treats all the flow through the treatment plant
instead of just a sidestream (formerly from the North of Basin F Extraction Well). The new air
stripper provided an added benefit in that it reduced the biofouling of the recharge trenches and
some of the capacity in the trenches was regained.
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The performance of the BANCS during the FYR period is evaluated in Section 7.2.1.4.

4.1.2.6 North of Basin F Groundwater Plume Remediation System #59

The selected remedy in the On-Post ROD for the North of Basin F Groundwater Plume
Remediation System requires:

“Operation of existing on-post groundwater IRA systems continues...The Basin F
extraction system continues to extract water that is treated at the Basin A Neck system
and the Basin A Neck system continues to extract and treat water from Basin A until shut-
off criteria are met.”

The system was constructed upgradient of the North Boundary Containment System (NBCS) to
reduce the contaminant load on the system and accelerate cleanup of contaminated groundwater
associated with Basin F. The system began operations on October 1, 1990 and was shut off
permanently on September 22, 2000.

The mass removal data for the North of Basin F Extraction Well indicates that the ROD
objectives have been met and support closing out this part of the groundwater remedy. The
system was highly effective in removing mass, but the contaminant mass removed decreased
from 123 pounds in 1996 (October 1, 1995 through September 30, 1996) to 3.95 pounds in 2000
(October 1, 1999 through September 22, 2000). Flows from the extraction well decreased from
1.6 gpm in 1996 to 0.5 gpm in 2000. The decrease in mass removal is due to significantly lower
contaminant concentrations and decreased flow in the well due to a lower water table. Based on
this decrease in mass removal and the decrease in flow in the well, it was determined that
continued operation of the well would result in “diminishing returns.”

The RMA Committee agreed that the IRA had been completed and that a CCR should be issued.
The CCR was prepared for the North of Basin F Groundwater Plume Remediation System (WGI
2005). The CCR covers the period from the signing of the ROD in June 1996 to shutoff of the
system in September 2000. The CCR was approved by EPA on September 28, 2005. In
addition, the IRA Summary Report for the system (EPA 2000a) covers the period from the
startup of the system through the signing of the On-Post ROD on June 11, 1996.

4.1.2.7 Northwest Boundary Containment System #61
The selected remedy in the On-Post ROD for the NWBCS requires:

“Operation of the three boundary systems, the NBCS, NWBCS, and ICS, continues.

These systems include extraction and recharge systems, slurry walls (NBCS and NWBCS)
Jor hydraulic controls, and carbon adsorption for removal of organics. The systems will
be operated until shut-off criteria ...are met.”

The performance objective for the Northwest Boundary Containment System (NWBCS) is
defined as follows:

“Prevent off-post migration of contaminated groundwater through containment and
capture of contaminated water migrating toward the Northwest Boundary”.
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The NWBCS is a containment system designed to prevent the off-post migration of
contaminated groundwater (RMA 1981). The NWBCS consists of the following three
components:

e NWBCS Original System: The original extraction well system and 1425 ft of slurry wall
installed in 1984.

e NWBCS Northeast Extension: The extraction wells and 665 ft of slurry wall installed as
part of the Short-term Improvements IRA at the Northeast end of the system (MKE
1990).

e NWBCS Southwest Extension: The extraction and recharge systems installed as part of
the Short-Term Improvements IRA in 1991 to address dieldrin contamination southwest
of the original containment system. No slurry wall is present in this area.

e Extracted water is treated with GAC adsorption

e Treated water is reinjected into recharge trenches.

The On-Post ROD established CSRGs for the NWBCS effluent for eight contaminants
potentially present in the groundwater migrating toward the northwest boundary.

The performance of the NWBCS is evaluated in Section 7.2.1.5.

4.1.2.8 North Boundary Containment System #62
The selected remedy in the On-Post ROD for the NBCS requires:

“Operation of the three boundary systems, the NBCS, NWBCS, and ICS, continues.
These systems include extraction and recharge systems, slurry walls (NBCS and NWBCS)
for hydraulic controls, and carbon adsorption for removal of organics. The systems will
be operated until shut-off criteria ...are met.

Chloride and sulfate are expected to attenuate naturally to CSRGs.”

The performance objective for the NBCS is defined as follows:

“Prevent off-post migration of contaminated groundwater through containment and
capture of contaminated water migrating toward the North Boundary”.

The NBCS is a containment system designed to prevent the off-post migration of contaminated
groundwater (USACE 1985). To treat the plumes migrating toward the north boundary, the
current NBCS consists of (1) a system of extraction wells that remove contaminated groundwater
from the unconfined flow system (UFS), (2) a soil bentonite barrier that impedes migration of
contaminated groundwater to the Off-Post OU, (3) a carbon-adsorption treatment system that
removes organic contaminants from extracted groundwater, (4) an ultraviolet (UV)-oxidation
system for treatment of NDMA, and (5) a system of recharge trenches that return treated
groundwater to the UFS north of the slurry wall. A reverse gradient across the barrier is
maintained to prevent contaminated groundwater from moving off post.

The containment system originally consisted of a slurry wall with extraction wells upgradient
and injection wells downgradient of the slurry wall. This system was originally installed as a
pilot project in 1979 and extended to its current extent in 1981. The system was unable to
maintain a reverse hydraulic gradient and, consequently, it was modified by replacing the
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injection (recharge) wells with 15 recharge trenches. As a result of the changes, a reverse
hydraulic gradient has been maintained across the entire alluvial part of the system and most of
the Denver system since 1992. A carbon adsorption system has been used to remove organic
compounds from the influent prior to recharge. An ultraviolet-oxidation treatment system
installed at the NBCS has been treating NDMA since September 1997.

During the FYR period, two different actions were proposed to enhance the effectiveness of the
NBCS. The actions, listed below, are documented in the NBCS Fact Sheet (RVO 2004c¢):

e Adding two groundwater extraction wells upstream of the existing NBCS well field.

e Injecting hydrogen release compound into the groundwater aquifer farther upstream from
the existing NBCS extraction wells to enhance biodegradation of organic contaminants.

The purpose of the additional extraction wells, which were installed in 2003, was to accelerate
groundwater cleanup. The upgradient wells will also help maintain a reverse hydraulic gradient
at the NBCS.

The injection of biodegradation-enhancing hydrogen release compound is an innovative
technology that was tested in pilot studies conducted at RMA through the EPA SITE program
(TTEMI 2003). The location, approach, and design of the in situ treatment system were
developed during the FYR period and the injection of biodegradation-enhancing compounds
started in May 2005. For that reason, the results will be evaluated as part of the next FYR.

CSRGs for the NBCS effluent were established for 29 contaminants potentially present in the
groundwater migrating toward the north boundary. Of these compounds, chloride and sulfate
levels were to be reduced to CSRGs through natural attenuation over time periods of 30 and 25
years respectively. The RMA On-Post OU identified natural attenuation as a remedy for
chloride and sulfate at NBCS, and a study of regional concentrations and flow rates upgradient of
the NBCS was conducted to evaluate remediation goals as well as remediation timeframes for
these compounds (MKE 1996). Based on this study, the CSRG for chloride was set at the CBSG
of 250 milligrams per liter (mg/1), and the timeframe for achieving the CSRG in the NBCS
effluent was predicted to be 30 years. For sulfate the CSRG was set at 540 mg/1 based on
regionally high levels of sulfate in groundwater, and the timeframe for achieving this was
predicted to be 25 years.

The performance of the NBCS during the FYR period is evaluated in Section 7.2.1.6.

4.1.2.9 South Lakes Plume Management #64
The selected remedy in the On-Post ROD requires:

“Lake-level maintenance or other means of hydraulic containment or plume control will
be used to prevent South Plants plumes from migrating into the lakes at concentrations
exceeding CBSGs in groundwater at the point of discharge. Groundwater monitoring
will be used to demonstrate compliance.”

During the FYR period an evaluation of contaminant migration was conducted in accordance
with the Rocky Mountain Arsenal South Lakes Sampling and Analysis Plan for Groundwater
(USGS 2001a). This monitoring program, which focused on monitoring contaminant migration
into Lake Ladora, revised a previous evaluation project (FWENC 1997).
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The data quality objectives for the monitoring program were developed to answer the following
questions:

e Do conditions allow potential migration into the South Lakes?

e Do contaminants migrate into the South Lakes at groundwater concentrations exceeding
the CBSGs at the point of discharge?

Groundwater monitoring results showed that the contaminants from the South Plants plume
were not detected in the point of compliance (i.e. point of discharge) wells or in Lake Ladora at
concentrations exceeding the CBSGs. Since a reverse hydraulic gradient was not maintained
during a significant portion of the monitoring period, the results showed that contaminants did
not migrate into Lake Ladora even under the most unfavorable flow conditions, i.e., conditions
that allowed migration into the lake. These data confirm that South Plants plumes are not
migrating into the lakes at concentrations exceeding CBSGs in groundwater (USGS 2004a).
Based on the results of the South Lakes groundwater monitoring study, the decision was made
to proceed with an ESD to remove the lake level maintenance required by the ROD for plume
management. The ESD was approved by EPA on March 31, 2006 (TTECI 2006a).

4.1.3 Completed On-Post Groundwater Remedies
4.1.3.1 Confined Flow System Well Closures #57
The selected remedy in the On-Post ROD for the Confined Flow System Well Closures requires:

“Those monitoring wells installed in the confined aquifer that may represent pathways

for migration from the unconfined aquifer (approximately 30—40 wells) are closed and
sealed; replacement wells will be installed if the Parties jointly determine that specific
wells to be closed are necessary for future monitoring.”

Between 1993 and 1995, available data for approximately 3,000 wells were evaluated. Data
evaluated included groundwater chemical data, well completion data, and lithologic data. In
addition, the hydrographs of the UFS wells were compared with nearby Confined Flow System
(CFS) wells. Of the more than 800 wells identified as completed in the CFS, 51 wells were
identified as potential conduits from the UFS to the CFS because of poor or suspected poor well
construction, or because the hydrographs and potentiometric elevations of the UFS and nearby
CFS wells were similar. Wells were also identified as potential conduits if insufficient
documentation was available regarding well construction, including presence of grout and
location of bentonite seals and screens.

For these 51 wells, the well casings were overdrilled and a grout plug was installed in the
borehole. This closure technique reflected a conservative approach intended to provide the
highest level of mitigation of potential groundwater migration between the UFS and CFS. In
addition, the closure technique meets the Colorado requirements for Water Well Construction
Rules, 2 Code of Colorado Regulations 402-2, Rule 15, Standards for Plugging, Sealing and
Abandoning Wells and Boreholes.

In addition to the 51 wells closed under this project, CFS well 36182 was identified by CDPHE
as a highly contaminated well requiring closure. The well was closed in May 2000 and its
closure enhanced the protectiveness of the remedy (Maxim 2000).
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As documented in the CCR (D&M 2000), remedial actions under this project have been
completed, have achieved the intent of the ROD to be protective of human health and the
environment and, having been inspected by RVO and the Regulatory Agencies, are fully
functional. This project does not require any long-term O&M. The property involved in this
project is subject to restrictions on land and water use, which will be evaluated in future FYRs.
The EPA approved the CCR on September 27, 2000.

4.1.3.2 Irondale Containment System Main Wellfield Treatment (shutdown) #58
The selected remedy in the On-Post ROD for the ICS requires:

“Operation of the three boundary systems, the NBCS, NWBCS, and ICS, continues.
These systems include extraction and recharge systems ... and carbon adsorption for
removal or organics. The systems will be operated until shut-off criteria ...are met.

Shell and the Army will operate the ICS for 2 years or until the Rail Yard/Motor Pool
plumes no longer require containment at the ICS.”

The ICS was one of the early remediation actions completed on the RMA as part of the On-Post
OU. The system was constructed to address groundwater contamination issues in the Irondale
Gulch. The original system, constructed in 1981, included the ICS treatment plant and the
Irondale Extraction System. Subsequent to the original construction, it was determined that
contaminated water in the [rondale Gulch plume could be extracted more efficiently by installing
additional extraction wells upstream of the original system. Further upstream of the ICS the
Motor Pool and Rail Yard Extraction Systems were installed as IRAs. Once it was apparent that
the Irondale and Motor Pool Extraction Systems met shutdown criteria, it was determined that
improvements in system efficiency could be accomplished by installing a smaller, more efficient,
treatment system closer to the remaining plume in the Rail Yard area. The Irondale Extraction
System (main wellfield), Motor Pool Extraction System, and Rail Yard Extraction System are
components of the ICS. The collective purpose of the three components was to treat the
groundwater plume in the Irondale Gulch.

The main wellfield of the Irondale Extraction System is located at the southwest corner of
Section 28 and the northwest corner of Section 33. Shell built the system to treat and eliminate
the off-post migration of the groundwater containing dibromochloropropane (DBCP). The ICS
became operational in December 1981. The Irondale Extraction System, as part of the ICS, met
the shutoff criteria in the ROD and was shut off on October 1, 1997.

After the Irondale Extraction System was shut-off, the ICS plant continued to treat groundwater
from the Rail Classification Yard and Motor Pool Extraction Systems. The treated groundwater
continued to be reinjected into the aquifer in the ICS recharge wells. The Motor Pool Extraction
System was shut down on April 1, 1998. The ICS plant was shut down on July 23, 2001. The
treatment of groundwater from the Rail Yard Extraction System was transferred from the ICS
plant to the Rail Yard Treatment System which began operations on July 26, 2001, and recharge
of treated groundwater was also transferred from the ICS wells to Rail Yard wells. The ICS
plant was then demolished as part of the Miscellaneous RMA Structure Demolition and Removal
Project - Phase 1. For additional information see Section 4.4.2.3.

21



As documented in the CCR (WGI 2003b), remedial actions under this project have been
completed, have achieved the intent of the ROD to be protective of human health and the
environment and, having been inspected by the RVO and Regulatory Agencies, are fully
functional. This project does not require any long-term O&M. The property involved in this
project is subject to restrictions on land and water use, which will be evaluated in future FYRs.
The EPA approved the CCR on May 21, 2003.

4.2 Off-Post OU Groundwater Remedy Selection and Implementation

The Off-Post ROD (HLA 1995) identified the following remedial components for off-post
groundwater:

. Operation (and improvement if necessary) of the OGITS
. Continued operation (and improvement, if necessary) of the NBCS and NWBCS
. Long term groundwater and surface water monitoring

. Provision of alternative water supplies and implementation of institutional controls
intended to prevent future use of contaminated groundwater.

The selected remedy for each component is discussed below.

4.2.1 Operating Off-Post Groundwater Remedies

The operation of the OGITS is addressed in detail in the OARs (PMRMA 2005a, 2005b, 2005c,
2003a, 2002b). O&M costs have been included in the OARs since 2002.

The costs presented in the OARs are based upon all field costs including utilities and analytical
support. The treatment plant O&M costs over this FYR review period have fluctuated within
expected limits; there are no obvious upward or downward cost trends. The largest normal
fluctuation in costs from year to year is based on changes in lab and sampling costs. As discussed
in the annual OAR, there were maintenance actions at the OGITS that caused short duration cost
increases. In 2003 the double containment piping in the First Creek well field failed.
Investigation into the piping system indicated that this type of failure was common and had been
identified by the manufacturer of the piping. The double containment product line was
subsequently discontinued. The piping was replaced with a more reliable HDPE material.

4.2.1.1 Off-Post Groundwater Intercept and Treatment System #94
The selected remedy in the Off-Post ROD for the OGITS requires:

“Removal of contaminated UFS (Unconfined Flow System) groundwater north of the
RMA boundary in the First Creek and northern paleochannels, using Offpost
Groundwater Intercept and Treatment System groundwater extraction wells.

Treatment of the extracted groundwater, using carbon adsorption.

The Army will treat any contaminated groundwater prior to discharge or reinjection so
that it meets the current water quality standards establish